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Method for the relative determination of 
physicochemical properties 

CROSS-REFERENCES TO RELATED APPLICATIONS 

[0001] This application is a continuation of copending 
International Patent Application PCT/EP02/04281 filed on April 
18, 2002, and designating the US, which was published under PCT 
Article 21(2) in English, and claims priority of European Pat- 
ent Application EP 01 109 705.2, filed on April 19, 2001, which 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 



Field of the Invention 

[0002] The present invention relates to a method for 
determining a first physicochemical property of at least two 
compounds relative to each other using a second physicochemical 
property, wherein said first property depends (i) on a third, 
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undetermined physicochemical property, and (ii) on the composi- 
tion of the respective compound, and wherein said second prop- 
erty depends (i) on said third property, as well, but (ii) does 
not depend on the composition of the respective compound. Par- 
ticularly, the method relates to the relative determination of 
binding affinities in a parallelized way. 

Related Prior Art . ' ".. :. . -\" \V/ . ■ 

[0003] Since mid of the 1980s, enormous progress has 
been made in the fields of Combinatorial Chemistry and Combina- 
torial Biology. Countless libraries of non-proteinaceous , pep- 
tide and protein libraries have been designed and synthesized. 
In parallel, highly sophisticated screening and selection tech- 
nologies have been developed, in all cases incorporating means 
for the identification of individual compounds having a desired 
property. 

[0004] Most often, the hits obtained after screening 
and/or selection are not yet the final products, and the indi- 
vidual compounds obtained therein have to be characterized in 
order to identify the best choice for further detailed analysis 
and fine-tuning of specific features. This step may be decisive 
for the success of further optimization strategies, and thus, 
for the over-all success of costly product development. 

[0005] For example, one feature, which often is of cen- 
tral importance, is the binding affinity of individual com- 
pounds obtained by screening a library for binding to a given 
target. In most cases, a certain threshold affinity has to be 
reached, or a certain range of affinities has to be met by a 
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positive hit in order to take this hit into further rounds of 
optimization. However, in known methods for determining the 
affinity of a compound one needs to know the. concentration of 
the compound. But in most cases the various compounds of a 
chemical library or members of a peptide or protein library 
cannot be synthesized or expressed in a standardized way to 
yield identical amounts of material. Thus, every compound or 
member has to. be synthesized or expressed, and thfe. concentra- 
tion be determined individually. This requires an enormous 
amount of work. 

Summary of the Invention 

[0006] Thus, the technical problem underlying the pre- 
sent invention is to develop a simple, reliable system which 
enables the rapid determination of a physicochemical property 
of different molecules relative to each other without being 
able to directly determine all parameters on which that prop- 
erty depends. 

[0007] The solution to this technical problem is 
achieved by providing the embodiments characterized in the 
claims. Accordingly, the present invention allows to easily 
determine properties such as the binding affinity of two or 
more candidate binders to a target without knowing the concen- 
tration of the individual candidates. The technical approach of 
the present invention, i.e. the simultaneous determination of a 
second property which is independent of the composition of the 
individual candidate, is neither provided nor suggested by the 
prior art. 
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[0008] Accordingly, the present invention according to 
one object relates to a method for determining a first physico- 
chemical property of at least two compounds . relative to each 
other by using a second physicochemical property, wherein de- 
termination of said first property depends on a third, undeter- 
mined physicochemical property, and said first property depends 
on the composition of the respective compound, and wherein 
determiiia'tion of said sec oriel [ property depends" On said . third 
property as well, but said second property does not depend on 
the composition of the respective compound, for each compound 
comprising the steps of: 

a) measuring a first value for said . first property under 
certain, preferably equilibrium conditions; and 

b) simultaneously measuring a second value for said second 
physicochemical property under said certain conditions; 

and determining said first property for each compound 
relative to the other compound(s) by using said first and 
second values. 

[0009] In the context of the present invention, the ex- 
pression "certain conditions" relates to experimentally repro- 
ducible conditions or states of e.g. an assay. Thus, certain 
conditions can e.g. mean a certain point in time of an assay, a 
certain turnover of an enzymatic reaction or, preferably, equi- 
librium. 

[0010] Further, in the context of the present inven- 
tion, the term physicochemical property relates to properties 
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which can be determined by physicochemical measurements, and 
include, without being limited to, properties such as concen- 
tration, affinity constant of binding to a target, activity of 
a DNA promoter region, enzymatic activity. 

[0011] For example, the first property may be the pro- 
moter activities of a series of different promoter sequences 
comprised; in a collection of DNA vector mbiecuiesi The direct 
measurement of protein being expressed from DNA under control 
of the individual promoter region would not be possible since 
the expression yield would depend on a third, undetermined 
property, which is the individual expression condition of indi- 
vidual cells harboring the DNA vector molecules. By measuring 
the expression yield of a second protein under the control of a 
second, fixed promoter region comprised in each of said collec- 
tion of DNA vector molecules, a relative determination of the 
first property can be obtained. 

[0012] In a preferred embodiment of the present inven- 
tion, the third property is the concentration of each of the 
compounds . 

[0013] In a further preferred embodiment, the first 
property is the affinity constant of binding to a first target. 

[0014] In principle, the affinity of compound and tar- 
get in the meaning of this invention can relate to any kind of 
ligand binding assay, like but not limited to e.g. interaction 
of a first and a second protein, antigen and antibody, receptor 
and ligand, enzyme and substrate, DNA and protein, RNA and 
protein. 
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[0015] According to another object of the method of the 
present invention, said first target is an antigen, and said at 
least two compounds comprise the variable domains of different 
antibodies binding to said antigen. 

[0016] In this context, "antibody" is used as a synonym 
for "immunoglobulin". Immunoglobulin fragments comprising the 
variable domains of aritibodies according to the present inven- 
tion may be Fv (Skerra & Plueckthun, 1988), scFv (Bird et al., 
1988; Huston et al., 1988), disulf ide-linked Fv (Glockshuber et 
al., 1992; Brinkmann et al., 1993), Fab, (Fab 1 ) 2 fragments or 
other fragments well-known to the practitioner skilled in the 
art. Particularly preferred is the scFv fragment format. Fur- 
ther preferred is the Fab fragment format. 

[0017] Particularly preferred is a method, wherein said 
second property is the affinity constant of binding to a second 
target. 

[0018] Further preferred is a method, wherein said sec- 
ond target is an antibody or functional fragment thereof with 
specificity for an antibody-binding site comprised in each of 
said at least two compounds. 

[0019] In the case, where the compounds are antibodies 
or functional fragments thereof, said second target can be an 
antibody with binding specificity for a constant part of each 
of the antibodies or functional fragments thereof, e.g. for a 
peptidic tag linked to an scFv fragment, or for an epitope in 
one or both constant domains in an Fab fragment. 
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[0020] Further, said compounds may be antigens of in- 
terest and said first target may be a first antibody, so that 
different antigens may be screened and ranked according to 
their binding to said first antibody using the binding of the 
antigens to a second target that can be a second antibody with 
constant affinity to all antigens analyzed. 

• [0021] In view/of the above; -yet another object of the 
invention is a method for ranking at least two compounds rela- 
tive to each other with respect to their first affinity con- 
stant of binding to a first target, by using their second af- 
finity constant of binding to a second target, wherein determi- 
nation of said first affinity constant depends on the concen- 
tration of each of said compounds, and said first affinity 
constant depends on the composition of the respective compound, 
and wherein determination of said second affinity constant 
depends on said concentration as well, but said second affinity 
constant does not depend on the composition of the respective 
compound, for each compound comprising the steps of: 

a) measuring a first value for said first affinity con- 
stant under equilibrium conditions; and 

b) simultaneously measuring a second value for said sec- 
ond affinity constant under said equilibrium conditions; 

and determining said first affinity constant for each com- 
pound relative to the other compound(s) by using said first and 
second values. 

[0022] Yet further preferred is a method, wherein said 
steps (a) and (b) are performed in parallel for multiple com- 
pounds, and wherein each compound is contained in one well or 
an otherwise defined area of a substrate. 
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[0023] Said substrate can e.g. be a microtiter plate or 
a glass slide having thereon defined distinct areas by e.g. 
hydrophobic ridges, protrusions or stripes. 

[0024] Particularly preferred is a method, wherein said 
steps (a) and (b) are performed in parallel for multiple com- 
pounds, and wherein each compound is contained in one spot of a 
microarray^ • .• . • 1 \'""vv* . > ^ ./] ;\' : ■'• 

[0025] The present invention further . relates to a 
method, wherein each of said at least two compounds is in solu- 
tion. 

[0026] Another object is a method, wherein said steps 
(a) and (b) are being performed by simultaneously contacting 
said solution with said first and said second target, each 
being immobilized on a solid phase, and wherein the amounts of 
compound binding to said first and second target are measured 
for each compound. 

[0027] According to a further object of the present in- 
vention, said first and said second target are being immobi- 
lized to different subsets of microspheres. 

[0028] Preferred is also a method, wherein said differ- 
ent subsets are characterized by different fluorescence labels. 

[0029] Further, the method comprises the step of iden- 
tifying binding of a compound to said first or second subset of 
microspheres by binding of a fluorescence label to the com- 
pound . 
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[0030] In the case, where the compounds are antibodies 
or functional fragments thereof, the binding of a fluorescence 
label to the antibodies or functional fragments thereof being 
achieved by a fluorescence-labeled detection antibody with 
binding specificity for a constant part of each of the antibod- 
ies or functional fragments thereof, e.g. a peptidic tag linked 
to an scFv fragment, or one or both constant domains in an Fab 
fragment, wherein binding of ..said detection dntibody vis inde- 
pendent from binding of said second target. 

[0031] In a yet further preferred embodiment of the 
present invention, each of said at least two compounds is immo- 
bilized to the surface of a solid phase. 

[0032] In a particularly preferred embodiment, the in- 
vention relates to a method, wherein said steps (a) and (b) are 
being performed by simultaneously contacting said immobilized 
compound with known amounts of said first and said second tar- 
get in solution, and wherein the relative amounts of first and 
second target binding to said immobilized compound are meas- 
ured. 

[0033] The solid phase can either be a planar microar- 
ray like e.g. glass slides with activated surface, or bead- 
based systems with microspheres. The microspheres can be di- 
vided into subsets, each subset being characterized e.g. by a 
specific color, so that like with planar microarrays with a set 
of microspheres comprising different subsets, a number of pa- 
rameters can be determined in the scope of the present applica- 
tion. 
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[0034] In this connection the invention according to 
another object relates to a set of at least two different sub- 
sets of microspheres for performing the method according to the 
invention, the microspheres in each subset thereof having immo- 
bilized thereon a target for compounds to be ranked with re- 
spect to their first physicochemical property, the targets in 
different subsets being different. 

[0035] Preferably the kit contains a set of at least 
two compounds, each being able to bind to a respective one of 
the at least two targets, i.e. each a compound for a target. 

[0036] Optionally, further . subsets of microspheres can 
be used as well. Thus, the different subsets of microspheres 
can be used for performing the method according to the present 
invention, wherein the microspheres in each subset thereof 
having immobilized thereon a target for compounds to be ranked 
with respect to their binding to the first target, the targets 
in different subsets being different. 

[0037] According to another object, a kit for ranking 
antibodies with respect to their affinity to a target comprises 
a set of at least two different subsets of microspheres, the 
microspheres in a first subset having immobilized thereon a 
capture molecule for antibodies, the microspheres in a second 
subset thereof being pre-activated, so that the target can be 
immobilized thereon. Preferably/ the kit also comprises a de- 
tection antibody. 

[0038] Thus, this kit provides in the first subset of 
microspheres a capture molecule, e.g. an anti-IgG, that is used 
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for measuring the concentration of the antibody. The second 
subset of microspheres is prepared to have immobilized thereon 
a target, i.e. an antigen, the antibodies being ranked with 
respect to their affinity to this antigen. The optionally also 
provided detection antibody binds to antibodies bound either to 
the capture molecule or to the antigen. With the first subset 
of microspheres the detection antibody gives a first signal, 
and with the . second /.subset . of microspheres cf second signal, by 
dividing the first signal by the second signal a ranking value 
Q is determined for each antibody tested with this kit. 

[0039] Of course, it is also possible to immobilize 
compounds on the beads and to have the targets in solution, 
instead of having the targets immobilized on different subsets 
of microspheres and having the compounds in different solu- 
tions . 

[0040] Using beads as solid phase has the further ad- 
vantage that the measurements can be made on equilibrium condi- 
tions, since no washing steps are required. All that is neces- 
sary is to mix the solution containing the compound with the 
subsets of beads having immobilized thereon the different tar- 
gets, and then to measure the fluorescence signals of the beads 
and of the complexes formed by beads and the compound bound to 
the target. 

[0041] It is possible to determine the affinity of the 
compound contained in the solution to more than two different 
binding molecules. Thereby, cross reactivity can not only be 
detected but also quantified, what is a very important point 
for characterizing antibodies. In this connection, e.g. 3, 4 or 
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5 subsets of beads or a planar array having immobilized 3, 4 or 
5 different binding molecules in one area can be used. 

[0042] Further, it is possible to split an antigen intp 
different small epitopes and to immobilize the different epi- 
topes, e.g. on different subsets of microspheres, and then to 
apply the inventive method. 

[0043] A further advantage lies in the fact that only 
small amounts of immobilized targets are necessary so that 
measurements are possible under the so-called ambient analyte 
conditions, i.e. where the forming of the antigen-antibody 
complex does substantially not change, the concentration of the 
compound in the solution. 

[0044] The present invention in connection with a fur- 
ther object relates to a kit comprising a first carrier com- 
prising at least two areas for retaining sample solutions; and 
a second carrier comprising, for each of said areas comprised 
in said first carrier, at least two positions suitable for the 
immobilization of at least a first and a second compound, 
wherein said second carrier and said first carrier can be 
brought in contact in a way which allows to simultaneously 
contact each of said solutions with at least said first and 
second compounds immobilized to said at least two positions, 
and wherein the amounts , of material out of said sample solution 
binding to said first and second compounds can be measured for 
each said sample solution. 

[0045] According to another object, the invention re- 
lates to a kit comprising a first carrier comprising a least 
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two areas for retaining sample solutions and a second carrier 
comprising, for each of said areas comprised in said first 
carrier, at least two positions suitable for the immobilization 
of at least a first and a second target, wherein said second 
carrier and said first carrier can be brought in contact in a 
way which allows to simultaneously contact each of said solu- 
tions with at least said first and second target immobilized to 
, said at least two . positions, and .wherein the amounts V of ■ mate-* 
rial out of said sample solution binding to said first and 
second targets can be measured for each said sample solution. 

[0046] As outlined above, the areas can be wells of a 
microtiter plate or defined areas of a substrate, like areas on 
a glass slide defined by hydrophob surrounding. 

Brief Description of the Figures 

[0047] Fig. 1 shows equations derived from the mass 
action law for calculating the relative affinity constant of 
the binding of an antibody with unknown concentration to an 
antigen. 

[0048] Fig. 2 shows a peg cover and microtiter 
plate for performing the invention. 

[0049] Fig. 3 shows a table summarizing the results 
of experiments for ranking the binding of 12 different antibod- 
ies to three different antigens. 

[0050] Fig. 4 shows a plot of relative affinity 
constant versus affinity value for the binding of 55 antibody 
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fragments to an antigen, the relative affinity constant being 
obtained with the new method. 

Description of Detailed Embodiments 

[0051] The following examples illustrate the invention. 

Example 1 : Micrbarray Assay Development for the Determination of 
the Affinity of Antibody-Antigen Interaction 

[0052] The determination of the kinetic constants of an 
antibody is generally performed with kinetic measurement. An 
affinity constant can also be determined with the mass action 
law, if the concentrations of antibody [Ab], antigen [Ag] and the 
antigen-antibody product [Ag-Ab] are known. The determination of 
these concentrations can be simultaneously performed with mi- 
croarray technology. Antigens (Ag) and an antibody specific 
capture molecule (a-Ab) have to be immobilized on such a mi- 
croarray. An antigen-antibody-product (Ag-Ab) and anti- 
antibody-antibody product(ct-Ab-Ab) is observed when the array 
is incubated with the antibody of interest. 

[0053] The reactions observed are shown in Fig. 1 as 
eq. (1) and (2). It can be seen that within equilibrium the 
desired affinity constant K^.^ can be calculated from eq. (3) 
and does not depend from the concentration of the antibody to 
be evaluated. In order to perform a ranking of different anti- 
bodies with respect to their binding to the same antigen it is 
even not necessary to know the affinity constant K^^.^ since 
K Ag-Ab can be calculated in relation to Ka^.^. Even further, the 
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exact amount of Ag and a-Ab has not to be known as long as the 
values for [Ag] and [a-Ab] are kept constant for the measurements 
performed for the different antibodies to be evaluated, i.e. as 
long as the influence of the formation of complexes [Ag-Ab] and 
[a-Ab-Ag] on the concentrations of [Ag] and [a-Ab] are neglect- 
able. In eq. (3) these three variables - [Ag] , [a-Ab] and K a ^ hq 
- have been summarized in a factor called const. 

[0054] Thus, from the measured values V( Ag-Ab) and V(a- 
Ab-Ab) for [Ag-Ab] and [a-Ab-Ab], respectively, a relative af- 
finity constant 

K re i = K Ag-Ab / const = V (Ag-Ab) / V(a-Ab-Ab) 

can be calculated so that a relative ranking of the anti- 
bodies with respect to their antigen binding can be found. 

[0055] Fig. 2 shows a peg cover and microtiter plate 
suited for performing the invention. The cover carries in the 
example shown 384 pegs arranged in 96 groups of each 4 pegs. 
The microtiter plate has 96 wells, each well receiving 4 pegs. 
On each 2 pegs out of a group of 4 pegs the antigen and the a- 
antibody are being loaded using standard methods known in the 
art. For example, the cover can be laid on a 384 well plate 
such that each peg protrudes into a distinct well containing 
either antigen or a-antibody solution. According to another 
method, the antigen- and a-antibody-molecules can be spotted 
onto the pegs. 
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Material and Methods 



Material : 



[0056] A protein antigen Ag (MorphoSys, Martinsried) ; 

[0057] 4 different purified. Fab antibody fragments spe- 
cific for Ag, each containing a FLAG epitope (MorphoSys , Mar- 
tinsried); 

[0058] capture antibody: a-hu-Fab (Jackson Laborato- 
ries, PA); 

[0059] Cy5-conjugated a-hu-Fab Fab (Jackson Laborato- 
ries, PA) was used as secondary antibody. 



[0060] Note: when performing the assays the antigen 

and the antibodies were "unknown com- 
pounds" to the inventors, so that the ex- 
periments were "blind" experiments in 
view of proof of principle of the inven- 
tion. 

[0061] Corning CMT-GAPS coated slides (gamma-amino- 
propyl silane activated glass surface; Corning Lifescience, 
USA) and Telechem CSS slides (aldehyde activated glass surface; 
Telechem Corp., USA) were used as support material. 

[0062] Microarrays were created with a GMS 417 micro- 
arrayer (MWG,=20 Ebersberg). 



17 



[0063] Signals were detected using a GMS 418 array 
scanner (MWG, Ebersberg) and signal processing was performed 
using the ImaGene 4.0 software. 

[0064] Blocking buffer: 1.5 % BSA, 5% low fat milk 

powder in PBS 

[0065] Dilution buffer: '1.5 % BSA/ 2 .5% U .low . f at . 

milk powder , 0.1% Tween-2 0 
in PBS 

Methods : 

[0066] The antigen Ag was diluted in a buffer suitable 
for use with a GMS 417 micro-arrayer . The used buffer (printing 
buffer) contains 5 =^g/ml BSA, 0.02% SDS, 10% glycerol, 0.1 
mg/ml Bromphenol Blue in PBS, pH 7. 4. =2 0 

[0067] An adopted micro-ELISA protocol was used to de- 
tect the immobilized proteins. First, the array (approximately 
0.5 cm 2 ) was blocked with 80 ^1 of blocking buffer for 1 h at 
room temperature. The provided antibodies were diluted in dilu- 
tion buffer (1/40 for the purified samples) and incubated for 1 
h on the array. After washing, the secondary antibody (Cy5- 
conjugated a-hu-Fab diluted 1/100) was applied for 25 min and 
after a second washing step the slides were dried. 
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Results: 

[0068] The cy5-signals vl and v2 for the Ag-Ab and the 
a-Ab-Ab complex, respectively, were taken for each tested com- 
bination of antibody and antigen. Fig. 3 contains a. table show- 
ing the values for vl and v2 as well as the quotient Q = vl / 
v2 that is a direct measure for the relative affinity and, 
there f ore , gives directly the ranking of the . dif f eireht affini- 
ties. The ranking found corresponds to the dissociation con- 
stant determined with surface plasmon resonance technology 
(BIACORE) . 

[0069] In order to evaluate the concentration depend- 
ency of the new method, for a certain antibody and a certain 
antigen Q has been determined for a relative antibody concen- 
tration. With respect to the concentration of antigen and a-hu- 
Fab the method works at least over 2 orders of magnitude of 
relative antibody concentration (data not shown). 

Example 2: Affinity Ranking of Antibody Fragments Using Micro- 
spheres 

Material : 

[0070] A protein antigen AgB (MorphoSys, Martinsried) ; 

[0071] 55 different cellular extracts containing Fab 
antibody fragments specific for AgB, the cellular extracts 
being at unknown concentrations; the extracts were produced 
from bacterial clones that express characterized antibody frag- 
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merits; the affinity value of the antibodies to AgB was deter- 
mined by surface plasmon resonance measurements (Biacore); 

[0072] Capture antibody: goat anti human-Fab specific 
antibody (Jackson Laboratories, PA); 

[0073] PE-conjugated goat anti human-Fab specific Fab 
was used as. detection . antibody; , : : . ; . . : V**;' 

[0074] Luminex 100 System (Luminex Corp., TX); 

[0075] xMAP Multi-Analyte COOH Microspheres (Luminex 
Corp. , TX, USA) ; 

[0076] Activation Buffer: 0.1 M NaH 2 P0 4 , pH 6.2; 

[0077] Coupling Buffer: PBS, pH 7.4; 

[0078] Wash Buffer: PBS, 0.05 % TWEEN, pH 7.4; 

[0079] Blocking/Storage Buffer: PBS, 1 % BSA, 0.05 % 

Azide, pH 7.4; 

[0080] EDC (l-ethyl-3-[3dimethylaminopropyl] carbodiim- 
ide hydrochloride), Pierce; 

[0081] Sulfo-NHS (N-hydroxysulfo-succinimide) , Pierce; 

[0082] all other chemicals were purchased from Sigma 
Chemical Co. (MO, USA). 
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Method : 

[0083] The antigen AgB and the goat anti human-Fab spe- 
cific antibody were coupled to different types of Multi-Analyte 
COOH Microspheres using the carbodiimide activation chemistry. 
The coupling reaction was performed as described by the manu- 
facturer using a protein concentration of 30 pg/ml of AgB and 
50 pig /ml of anti human-Fab specific antibody.' \ 

[0084] The affinity ranking experiment was done using 
30 pi of a 1:128 dilution of each of the 55 different crude 
cell extracts; 25 of the samples were measured in duplicate. To 
the samples approximately 1000 beads of each of the two types, 
i.e. with target antigen and capture antibody, were added to 
each sample in a volume of 30 pi and the mixture was incubated 
for 1 h at room temperature. 

[0085] 30 pi of the labeled detection antibody in a 
concentration of 10 pg/ml was added and the mixture was incu- 
bated for further 45 min. 

Results: 

[0086] Signal detection was performed using a Luminex 
100 system. 25 0 beads of each type were counted for determina- 
tion of the fluorescence signals. The median was determined and 
used for the calculation of the relative affinity constant. 
Comparable to Example 1, this constant was obtained by dividing 
the signal intensity for the antigen bead by the signal inten- 
sity for the anti-antibody bead. 
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[0087] The obtained data are shown in Fig. 4, where the 
known affinity value determined by surface plasmon resonance 
measurements K 0 plotted versus the calculated relative affinity 
constant K rel . 

[0088] It can be seen that antibodies with high affin- 
ity to the antigen, i.e. having a K D of less than 20, can be 
identified - and • ranked. .": 



